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We investigate the charmed baryon production reaction pp¯ → ΛcΛ¯c in an effective Lagrangian
approach. Besides the t-channel D0 and D∗0 mesons exchanges, the s-channel Y (4630) meson
exchange is taken into account. For the total cross sections, the D0 and D∗0 mesons provide minor
background contributions, while the Y (4630) state gives a clear peak structure with the magnitude
of 10 µb at center of mass energy 4.63 GeV. Basing on the results, we suggest that the reaction of
pp¯ → ΛcΛ¯c can be used to search for the 1
−− charmonium-like Y (4630) state, and our predictions
can be tested in future by the P¯ANDA facility.
PACS numbers: 13.75.Cs, 14.40.Pq, 11.10.Ef
I. INTRODUCTION
A new charmonium-like Y (4630), JPC = 1−−, was
firstly reported by the Belle collaboration in the exclu-
sive e+e− → ΛcΛ¯c process, and its mass and width are
4634+8+5−7−8 MeV and 92
+40+10
−24−21 MeV, respectively [1]. Af-
ter its discovery, various interpretations, such as con-
ventional charmonium state [2, 3], tetraquark state [4–
6], ΛcΛ¯c baryonium [7, 8] and threshold effect [9], were
performed. The mechanism of Y (4630) enhancement in
ΛcΛ¯c electroproduction was also studied [10]. Recently,
a series of investigations on the strong decay behaviors
were proposed, which intended to reveal the inner struc-
ture of the Y (4630) [11–13].
Above the ΛcΛ¯c threshold, another 1
−− resonance
Y (4660), which mass and width are consistent within
errors with the state X(4630), was observed in the ini-
tial state radiation process e+e− → γISRπ+π−ψ(2S) by
the Belle collaboration [14], and confirmed by the BaBar
collaboration after a long debate [15]. The explana-
tions include conventional cc¯ state [16, 17], ψ(2S)f0(980)
molecule [18–20], hadro-charmonium [21], tetraquark
state [4, 22, 23] and baryonium [24]. Although the
Y (4630) and Y (4660) were observed in different pro-
cesses, the similar masses and widths suggest that they
could be the same state, which is also discussed in many
theoretical works [5, 25, 26]. Other related studies are
also performed [27–30], and a comprehensive review can
be found in Ref. [31]. In the present work, we adopt the
wildly accepted opinion that the Y (4630) and Y (4660)
are regarded as the same state.
The theoretical works of the Y (4630) mainly focus on
the mass and decay width, and the production experi-
ment is only limited in e+e− collision. In addition, the
production of charmed baryon states in the pp¯ collisions
has been investigated within many theoretical models,
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such as the quark-diquark picture, a handbag approach,
a quark-gluon string model which based on Regge asymp-
totics, meson-exchange model, and single-channel effec-
tive Lagrangian model [32–39].
Taking into account that the branching ratio of
Y (4630) → pp¯ partial decay process has several percent
by the prediction of Ref. [13], we suggest to search the
Y (4630) state in the reaction of pp¯ → ΛcΛ¯c, where the
intermediate state Y (4630) is wished to play an impor-
tant role. In the present work, we will study the reaction
of pp¯ → ΛcΛ¯c within the effective Lagrangian approach
by taking into account the t-channel D and D∗ mesons
exchanges, the s-channel Y (4630) contribution, and pre-
dict the total and differential cross sections of the reac-
tion pp¯ → ΛcΛ¯c. Our predictions can be tested by the
P¯ANDA facility, which has a maximum beam momenta
15 GeV of antiproton with high luminosity [40], and is
enough to produce the Y (4630) state.
This paper is organized as follows. We present the for-
malism and ingredients of the effective Lagrangian ap-
proach in Sec. II. The numerical results of total and
differential cross sections and discussions are shown in
Sec. III. Finally, a short summary is given in the last
section.
II. FORMALISM AND INGREDIENTS
For the process pp¯ → ΛcΛ¯c, we will take into account
the basic tree level Feynman diagrams, depicted in Fig. 1,
which include the t-channel D and D∗ meson exchanges,
the s-channel Y (4630) term.
The relevant effective Lagrangians of the vertexes in
Fig. 1 can be written as [13, 41, 42],
LΛcpD = igΛcpDΛ¯cγ5pD +H.c., (1)
LΛcpD∗ = gΛcpD∗Λ¯cγµpD∗µ +H.c., (2)
LY ΛcΛ¯c = gY ΛcΛ¯cYµΛ¯cγµΛc, (3)
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FIG. 1: Feynman diagrams for the pp¯ → ΛcΛ¯c reaction. a)
the t-channel D and D∗ meson exchanges, b) the s-channel
Y (4630) term.
LY pp¯ = gY pp¯Yµp¯γµp, (4)
where the coupling constants of ΛcpD and ΛcpD
∗ in-
teractions are taken as gΛcpD = 10.7
+5.3
−4.3 and gΛcpD∗ =
−5.8+2.1−2.5 [38, 43]. The couplings of Y ΛcΛ¯c and Y pp¯ can
be obtained from their partial decay widths. In Ref. [13],
assuming the Y (4630) → ΛcΛ¯c is dominant decay, the
branching ratios of pp¯ final state are predicted to be 0.037
and 0.062 for different cut off values. In this work, we
adopt the same assumption of the ΛcΛ¯c being the dom-
inant decay channel, and take the pp¯ decay ratio being
1%. With the effective Lagrangians above, the partial
decay widths can be expressed as,
Γ(Y (4630)→ ΛcΛ¯c) =
g2
Y ΛcΛ¯c
(m2Y + 2m
2
Λc
)|~p cmΛc |
6πm2Y
, (5)
Γ(Y (4630)→ pp¯) = g
2
Y pp¯(m
2
Y + 2m
2
p)|~p cmp |
6πm2Y
, (6)
where mY , mΛc and mp are the masses of Y (4630),
Λc/Λ¯c and (anti)proton [44], respectively, and ~p
cm
Λc
(~p cmp )
is the 3-momentum of the initial proton (final Λc) in the
rest frame of pp¯ (ΛcΛ¯c). With the experimental data of
the total decay width ΓY = 92 MeV[1], we can obtain
gY ΛcΛ¯c = 1.78, and gY pp¯ = 0.087.
Since the hadrons are not point-like particles, the form
factors are needed to describe the off-shell effects. We
adopt here the monopole form factor used in many pre-
vious works for the t-channel D and D∗ interaction ver-
tices:
F(q2,m2) = Λ
2 −m2
Λ2 − q2 , (7)
where q, m and Λ are the the four-momentum, mass, and
cut-off parameter for the exchanged mesons, respectively.
The cut-off parameter Λ can be parametrized as [45]
Λ = m+ αΛQCD, (8)
with ΛQCD = 220 MeV, and the dimensionless parameter
α is of order unity. The α mainly varies in the range of
0.5 ∼ 1.5 in literature [45–47], and the D and D∗ meson,
the large value of α = 1.5 is employed in present work.
Indeed, the value of α does not affect the signal of the
Y (4630) in the reaction pp¯→ ΛcΛ¯c. The form factor for
s-channel Y (4630) state is taken in the form advocated
in Refs. [48–54],
FY (q
2,m2) =
Λ4Y
Λ4Y + (q
2 −m2Y )2
, (9)
where the cut-off parameters ΛY = 500 MeV for the
Y (4630) state is used [51–53].
Then, according to the Feynman rules, the scattering
amplitudes for the pp¯ → ΛcΛ¯c reaction can be obtained
straightforwardly with the above effective Lagrangians,
MD = g2ΛcpDF2(q2D,m2D)υ¯(p1, s1)γ5υ(p3, s3)
GDu¯(p4, s4)γ5u(p2, s2), (10)
MD∗ = −g2ΛcpD∗F2(q2D∗ ,m2D∗)υ¯(p1, s1)γµυ(p3, s3)
GµνD∗ u¯(p4, s4)γνu(p2, s2), (11)
MY = −gYΛcΛ¯cgY pp¯FY (q2Y ,m2Y )υ¯(p1, s1)γµυ(p2, s2)
GµνY u¯(p4, s4)γνu(p3, s3), (12)
where si(i = 1, 2, 3, 4) and pi(i = 1, 2, 3, 4) represent the
spin projection and four-momentum of the initial or final
states, respectively; qD(∗) = p3 − p1 is the momentum of
D0 (D∗0) state. qY = p1 + p2 is the momentum of the
Y (4630) state. GD, GD∗ and GY are the propagators for
the D, D∗, and Y (4630) states.
The D meson propagator can be written as
GD =
i
q2 −m2D
, (13)
and the one of vector meson D∗ is
GµνD∗ = −i
gµν − qµqν/m2D∗
q2 −m2D∗
. (14)
The propagator for Y (4630) 1−− state can be written as,
GY = −i g
µν − qµqν/m2Y
q2 −m2Y + imY ΓY
, (15)
where ΓY = 92 MeV is the total width of the Y (4630)
meson.
The total amplitude for the process pp¯→ ΛcΛ¯c are the
coherent sum of MD,MD∗ , andMY ,
M = MD +MD∗ +MY . (16)
3The differential cross section can be easily given as,
dσ
d cosθ
=
1
32πs
|~p c.m.3 |
|~p c.m.1 |
(
1
4
∑
s1,s2,s3,s4
|M|2
)
(17)
where s is the invariant mass square of the pp¯ system. θ
denotes the angle of the outgoing baryon Λc relative to
the beam direction in the c.m. frame, while ~p c.m.1 and
~p c.m.3 are the 3-momentum of the initial p and final Λc
in the c.m. frame.
III. NUMERICAL RESULTS AND
DISCUSSIONS
In this section, we will present our results for the pp¯→
ΛcΛ¯c reaction within the effective Lagrangian model.
In Fig. 2, we show the total cross sections for the
pp¯ → ΛcΛ¯c reaction from threshold up to 5 GeV of
c.m. energy. In the figure, the green dashed, blue dash-
dotted, and pink dotted lines represent the contributions
of the s-channel Y (4630) terms, t-channel D and D∗
mesons exchanges, respectively. The red solid line stands
for the total cross section. The t-channel D∗ meson ex-
change provides a larger contribution than D meson ex-
change, which are consistent with the result of Ref. [39].
Indeed, the Ref. [39] gives a larger total cross section
than our work, which could be the reason that Ref. [39]
takes into account the contribution of the tensor coupling
term in the t-channel D∗ meson exchange (see Fig. 3 of
Ref. [39]). Yet, since our purpose is to see if the Y (4630)
state plays an important role in this reaction, and if the
signal of the Y (4630) state can be seen in the P¯ANDA
facility, it is no problem to neglect the contribution of
the tensor term in the t-channel D∗ meson exchange. In
Fig. 2, by including the contribution of s-channel, the to-
tal cross section has a clear peak structure at the c.m. en-
ergy 4630 MeV. The magnitude of the peak is of order
10 µb, which can be enough measured in future P¯ANDA
facility with high luminosity, thus we can safely neglect
the tensor term in the t-channel D∗ meson exchange.
It is interesting to note that for the Y (4630) state, a
relatively small cut off value is used, which seems more
suitable for heavy hadron production processes [51–53].
As this value increases, the contributions of Y (4630) will
become larger and the peak structure is also clear. In
fact, the form factor is approximate equal to unity near
the Y (4630) resonance region, since the s − M2Y ∼ 0.
Thus, whatever value of the cut-off for the Y (4630) state,
its signal is always clear, which is one of the reasons why
we suggest to search the Y (4630) state in the pp¯→ ΛcΛ¯c
reaction.
In addition to the total cross sections, we also show
the differential cross sections of pp¯ → ΛcΛ¯c reaction for
different center-of-mass energy
√
s in Fig. 3. In the en-
ergy region from 4.6 to 4.8 GeV, the contributions of the
t-channel D and D∗ exchanges have the forward distri-
butions, while the ones of the Y (4630) are much flat.
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FIG. 2: (online color) Cross section of the pp¯ → ΛcΛ¯c reaction
as a function of pp¯ invariant mass energies from threshold up
to 5 GeV. The green dashed, blue dash-dotted, and pink dot-
ted lines represent the contributions of the s-channel Y (4630)
terms, t-channel D and D∗ mesons exchanges, respectively.
The red solid line stands for the total cross section.
Close to the energy of 4.63 GeV, the Y (4630) plays the
dominate role, and its contribution can be ignored above
4.7 GeV. Thus, the differential cross sections of our to-
tal model are much flatter around the 4.63 GeV than
that above 4.7 GeV, which will give a signature of the
resonance state Y (4630).
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FIG. 3: Differential cross section of the pp¯ → ΛcΛ¯c reaction
as a function of cosθ. The explanations of the curves are same
as that of Fig. 2.
4IV. SUMMARY
Considering the JPC = 1−− charmonium-like state
Y (4630) have a sizeable coupling to the pp¯ according the
prediction of Ref.[13], we suggest to search the Y (4630)
state in the reaction of pp¯→ ΛcΛ¯c in this work.
Within an effective Lagrangian approach, we have phe-
nomenologically investigated the pp¯ → ΛcΛ¯c reaction.
Besides the background contributions of the t-channel D
and D∗ mesons exchanges, we have also included the s-
channel Y (4630) contribution. We have presented the
total cross sections and the differential cross sections for
this process. Our results show that close to the threshold
of pp¯ collision, the Y (4630) state plays an important role,
comparing to the background terms of the t-channel D
and D∗ mesons exchanges, and a clear bump structure
with the magnitude of 10 µb appears. Our predictions
can be tested in future by the P¯ANDA facility, which
has a maximum beam momenta 15 GeV of antiproton
with high luminosity [40], and is capable of producing
the Y (4630) state.
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